Abstract
Introduction
In wireless communication, orthogonal frequency division multiplexing is often used. However, Wireless mobile channel is time varying multipath fading channel, and each of the sub-carriers' amplitude and phase in the transmission process varies with the carrier frequency shift, phase noise, timing offset and other factors in OFDM system, which result in inter-symbol interference and reducing the system performance. Therefore, it is necessary to carry out channel estimation to accurately demodulate the OFDM signal.
At present, there are two main types in channel estimation: blind channel estimation and channel estimation methods based on pilot sequence.
Blind channel estimation is using statistical features to send signals and receive signals, or to send the signal characteristics of the limited character set to estimate the channel under the condition of knowing nothing about channel. But blind channel estimation method in practice are rarely used because of high computational complexity and limited accuracy.
Pilot-based channel estimation methods can be divided into frequency domain and time domain estimation methods. Frequency domain estimation method is to estimate the location of the pilot frequency response first, and then estimate the frequency response of the other position; time domain method is to estimate the channel impulse response first, and then estimate the channel frequency domain response [1] [2] .
Meanwhile, since there are few tap coefficients carrying large energy in the channel impulse response, it possesses sparse features. Thus using the traditional estimation methods will not only increase the computational cost and introduce additional noise, but also cause low efficiency in utilization of system frequency spectrum.
In recent years, compressed sensing (CS) theory introduces new solutions to the estimation of sparse channel. The sparse multipath channel estimation method based on CS theory can obtain better estimation performance under the same SNR level.
Compressed Sensing Technique
Compressed sensing technology breaks through the traditional Nyquist sampling theorem, and achieves a new sampling pattern. CS theory builds upon the fundamental fact that the signal can be reconstructed by samples as long as the signal is compressible, or that if the signal is sparse in a transform domain, the signal can be reconstructed by a small number of measured samples [4] [5] [6] [7] .
Suppose that there is discrete real signal f with length of N, and the signal f is sparse in the space Ψ=[Ψ 1 ,Ψ 2 , …Ψ N ] , a N × N matrix. Namely:
Where: vector x only has K non-zero element and the remaining N-k element is zero or close to zero. In the condition of the above assumption, sampling or measurement of the signal, by multiplying M × N (M<<N) measurement matrix  , can get a sample matrix Y( M × 1), that is
Substituting equation (1) into equation (2), we can reach equation (3) .
Where T ΦΨ T  is CS information operator, and its column vectors are called atoms. Since M <<N, the equations are underdetermined. The process of reconstructed signal from measuring sample Y is pathological. However, when the measurement matrix  and sparse matrix Ψ can satisfy RIP or the two are not related, the signal x can be accurately reconstructed by solving an optimization problem [3] .
.OFDM channel estimation based on compressed sensing technology

The sparse properties of the OFDM channel
In the design of wireless digital communications system, the system is usually assumed to be discrete, linear and time-invariant. And the channel generally is the frequency selective fading channel. A common OFDM system block diagram is shown in the Figure. 1 [14] .
Where, X=diag(X(1),X(2),…X(N)), X (i) is the first i of data of the OFDM symbol, including the signal of user data mapping and pilot signals, Y represents the vector that is obtained after sampling the received signal in an OFDM symbol period and doing N point DFT. Vector H is the channel frequency response sampled values; n is complex additive white Gaussian noise vector. H=FG represents the vector that is obtained after doing N point DFT for channel impulse response, where F is N × L matrix:
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L is the number of channel taps, i g is the channel tap coefficients. The sparsity of the channel is reflected that there are few non-zero elements in  
Channel estimation based on compressed sensing
In OFDM systems, estimating the channel is generally through the transmission of pilot sequences.
Suppose S is the P×N selection matrix, which is used to define the positions of P pilots from the N sub-carriers. S matrix has P lines selected from N × N unit matrix, and their positions are corresponding to positions of the pilots. Then the pilot signal is received by the receiver is given by:
Where, P × 1 vector
S is the transpose matrix of S, P × L matrix SF F  , P × 1 vector Sn n  . In the above formula, Y X F are known to the receiver, the receiver can recover G vector by a certain algorithm, Channel frequency response samples can be obtained by the formula FG H 
The task of channel estimation is to identify the transmission characteristics of the channel time domain or frequency domain, based on the received sequence that its amplitude and phase produced distortion and superimposed on the noise by the impact of the channel [11] [12] .
When using compressed sensing to research the channel estimation, It is an important step to choose sparse signal reconstruction algorithms reasonably. In order to achieve real-time wireless communications, it is necessary to choose a simple signal reconstruction algorithm, such as the greedy algorithm.
Greedy algorithm can be divided into two classes: the first is the OMP (Orthogonal Matching Pursuit) [8] and the MP as the representatives of the algorithm; the second algorithm is the ROMP and the CoSaMP as the representatives of regularization algorithm, which is relatively stable than the first and can get a more accurate estimate. This article uses the second reconstruction algorithm [10] .
Needell proposed ROMP is the regularization algorithm for the OMP. First, a number of atoms are selected from the relevant atomic as the candidate set, and then part of the atoms are selected from the candidate sets in accordance with the principle of regularization. Finally, they are incorporated into the final support set, so as to the atoms are selected quickly and effectively. For the type (8), the purpose of the ROMP algorithm is to restore the unknown G. that is to find the location and size of non-zero elements in G. The basic steps of ROMP algorithm are as follows:
1) Suppose there is initial residual r 0 = y, estimated signal sparsity is k, the iteration number starts from: n = 1, and index set: Λ= , J = . , x' can be gotten. And the margin will be updated using the formula r new =y-T Λ x' . 6) If |Λ|≥2k, then stop the iteration. Otherwise, let r=rnew, n=n+1, go to step (2). So, sparse vector x can be gotten, which is equivalent to the channel estimation G. Then using formula (9), channel frequency response samples can be derived [13] .
Study on
CoSaMP algorithm takes a backtracking thinking, which selects more than one atom that is more relevant from the atom library, and removes part of the atomic at the same time to improve the efficiency of the algorithm. The concrete steps of CoSaMP algorithm are as follows:
1) Suppose there is initial residual r 0 = y, estimated signal sparsity is k, the iteration number starts from: n = 1, and index set: Λ= , J = .
2) According to
, the correlation coefficient u can be gotten, and find the 2k-index values corresponding to the maximum in u, and save them into J.
3) ∪ Λ=Λ J, getting z' , by 
.Simulation results and analysis
For an OFDM sparse channel, the performance of various algorithms can be evaluated by measuring the normalized mean square error (MSE), which is defined as follows:
To verify the theory of compressed sensing based on ROMP and CoSaMP algorithm's performance in terms of channel estimation, in this paper a matlab simulation is carried out in TU (Typical urban) multipath fading channel model and simulation results are compared with the ones from conventional LS method. Assuming OFDM sparse channel is considered as time-invariant in a OFDM symbol, and the channel length L = 512, non-zero taps k = 30, each OFDM symbol consists of N = 512 samples composition (after removal of cyclic prefix), and assuming that the system ideal synchronization, and the unit delay of multi-path channel is an integral multiple of the OFDM system sampling period, the simulation sampling interval by the delay does not result in energy leakage. In frequency domain, transmitted signal are independent and identically distributed 16QAM signal, pilot insertion position is determined by the selection matrix S. Namely, if P pilot is inserted, then S is P × N matrix; Since the location of pilot will determine the form of recover matrix T of the CS reconstruction algorithm. Matrix T is close to constrained so metric conditions when the pilot is placed randomly, which can improve the signal reconstruction performance. Therefore, the pilot is placed randomly when simulating: P = 120; P = 150; P = 180. Three kinds of cases should be considered respectively.
P=120，SNR<15dB
From the simulation results (Figure 2 ) it can be seen that the MSE values of the three algorithms are great, the ROMP and CoSaMP algorithm MSE values are even bigger than the LS algorithm [9] . The reason is that when the channel white Gaussian noise is great, the sampling value of the distortion is so large as to the failure of CS reconstruction; when SNR> 15dB, with the SNR increases, the superiority of ROMP algorithm is more and more obvious; when SNR> 32dB, the CoSaMP has better estimation performance than the ROMP; When SNR = 45dB, CoSaMP algorithm's MSE values is 13dB smaller than the ROMP algorithm, and 22dB smaller than the LS algorithm. 
P=150，SNR<20dB
From the simulation results ( Figure 3 ) it can seen that the MSE value of the ROMP algorithms is almost the same as the LS, and with the SNR increases, ROMP algorithm is getting a better channel estimation performance; when SNR>28dB, the CoSaMP has better estimation performance than the ROMP; When SNR = 45dB, CoSaMP algorithm's MSE values is 11dB smaller than the ROMP algorithm, and 25dB smaller than the LS algorithm or so. Figure 2 and figure 3 show that, whether CoSaMP algorithm, ROMP algorithm or LS algorithm, the MSE values are relatively reduced with the increase in the number of pilots.
With the SNR increasing, the superiority of ROMP algorithm becomes more and more obvious, and ROMP algorithm's MSE values is getting smaller, while the LS channel estimation error tends to be a horizontal line, and when the signal to noise ratio increases further, CoSaMP algorithm has superior estimates performance than the ROMP algorithm.
P=180，SNR<15dB
From the simulation results (Figure 4 ) it can be seen that the superiority of ROMP algorithm is not obvious, and as SNR increases, ROMP algorithm is getting better and better channel estimation performance, when SNR> 25dB, the CoSaMP has better estimation performance than the ROMP; When SNR = 45dB, CoSaMP algorithm's MSE values is 5dB smaller than the ROMP algorithm, and 26dB smaller than the LS algorithm or so.
Comparing Figure 3 and Figure 4 , it can be found that the two MSE curves values of ROMP algorithm are almost the same as the SNR value changes, and so do the two MSE curves values of CoSaMP algorithm. Comparison of the above it can be found: by comparing the above that ROMP algorithm's performance of the channel estimation is getting better and better when the signal to noise ratio greater than 15dB, with the increase in the number of pilots; and when the signal to noise ratio increase further, CoSaMP algorithm has superior estimates performance than the ROMP algorithm. However channel estimation performance improvement is increasingly small when there are more than 150 pilots.
Using compressed sensing technology to estimate the OFDM channel, when the number of measurements M (corresponding to the number of pilot P) and the sparse number of k satisfy M≥k·log 2 (N/k), the signal can be exactly reconstructed. Therefore, it will be useless and even reduce the throughput of the system when there are more than 150 pilots.
Conclusion
This paper analyzes the sparse feature of channel in the OFDM system; and in the channel estimation, compared with the ROMP algorithm, CoSaMP algorithm and the conventional LS algorithm by simulating, the results show that: when signal to noise ratio is large, ROMP algorithm can get better channel Estimation performance; when the signal to noise ratio increases further, CoSaMP algorithm can obtain better estimation performance. This paper has also found the best pilot number of channel estimation based on CS reconstruction algorithm. This conclusion has some practical value in the next generation of communication systems based on OFDM system.
